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TITLE OF THE INVENTION 

5 APPARATUS, METHOD AND COMPUTER PROGRAM PRODUCT FOR 

MONITORING AC LINE CURRENT THROUGH THE STEP START RESISTORS 
OF A HIGH VOLTAGE POWER SUPPLY 

BACKGROUND OF THE INVENTION 
10 FIELD OF THE INVENTION 

[0001] The present invention generally relates to monitoring circuits for power supplies. 

More particularly, the present invention relates to an apparatus, method and computer 

program product for monitoring AC line current through the step start resistors of a high 

voltage power supply, which may be employed with devices such as high power transmitting 

15 tubes, etc. 

DISCUSSION OF THE BACKGROUND 

[0002] Over the years, power supply systems have been developed for devices, such as high 
power electron tubes, etc, to provide a 'step start', so that full power is not immediately 

20 applied, which otherwise might have deleterious effects upon the longevity of the tubes or 
other devices. Such systems typically initially insert current limiting devices, such as starting 
resistors or 'step start' resistors, into the supply circuits to limit the current for a 
predetermined time interval, which will be referred to herein as the 'step start interval', and 
then remove these resistors from the circuits to begin normal operation. 

25 [0003] However, as presently recognized, such conventional systems do not provide means to 
identify abnormal characteristics in the current feeding the power supply during the step start 
interval, or to cause the start process to be aborted if such abnormal characteristics are 
detected. In addition, neither do such conventional systems provide means to identify when 
the step start resistors need longer cooling time due to higher than normal energy dissipation 



from overloads and frequent restarts. In fact, step start systems, by their very nature, by 
limiting current during the step start interval also effectively limit the ability of any existing 
or separate protective circuitry to sense a current overload and to protect an associated load 
circuit, such as by opening a circuit breaker. If the overload condition persists once the step 
5 start resistors are removed from the circuit, then a large surge current will flow until the 
protective circuitry can respond to the overload condition. 

SUMMARY OF THE INVENTION 

[0004] The present invention recognizes that, in systems of this type where high voltages are 
JO employed, arcing or other fault conditions may occur during the step start interval as well as 
% during normal operation, and that if such conditions occur during the step start interval the 
ry step start process should be aborted. The present invention fiirther recognizes that, especially 
%0 when faults or overloads occur during the step start, the step start process may be repeated 
l_ several times in succession, allowing the step start resistors to become progressively hotter. 

[0005] Accordingly, an object of this invention is to identify abnormal characteristics to the 
fj current feeding a device such as a high voltage power supply (HVPS), etc, during a step start 

and cause a start process to be aborted. 

[0006] Another object of this invention is to identify when the step start resistors need longer 
cooling time due to higher than normal energy dissipation from overloads and frequent 
20 restarts. 

[0007] Another object of this invention is to continuously monitor the AC hne current feeding 
a device such as a high voltage power supply (HVPS), etc, to capture data on overloads or 
phase imbalances that may occur at times other than during the step start. 
[0008] The above and other objects are achieved according to one aspect of the present 
25 invention by providing a novel apparatus, method and computer program product for 



monitoring current in a step start process, including connecting power to a load through 

> 

current limiting devices for a step start interval of time; measuring current signals 
representing current flowing through the current limiting devices; sampling the current 
signals to obtain step start current sample values; comparing the step start current sample 
values with a known acceptable pattern to detect abnormal characteristics; and discoimecting 
the power from the load if abnormal characteristics are detected. 

[0009] In another aspect of the present invention there is provided a novel apparatus, method 
and computer program product for determining a minimum cooling down time for current 
limiting devices in a step start process, including measuring a rate of cooling of the current 
limiting devices; connecting power to a load through the current limiting devices for a step 
start interval of time; measuring current signals representing current flowing through the 
current limiting devices; sampling the current signals during sampling time intervals to obtain 
step start current sample values; squaring the step start current sample values to give heat 
values related to heat dissipated during each sampling time interval; summing the heat values 
for all sampling time intervals during the step start interval to give a total heat value related to 
total heat energy dissipated by the current limiting devices during the step start interval; and 
determining the minimum cooling down time for the current limiting devices, dependent 
upon the total heat value and the rate of cooling. 

[0010] In another aspect of the present invention there is provided a novel apparatus, method 
and computer program product for monitoring current, including connecting power to a load; 
measuring current signals representing current supplied to the load; obtaining voltage signals 
representing voltage applied to the load; generating timing signals from the voltage signals; 
sampling the current signals during sampling time intervals determined by the timing signals 
to obtain operating current sample values; and comparing the operating current sample values 
with a known acceptable pattern to detect abnormal characteristics. 



3 



BRIEF DESCRIPTION OF THE DRAWINGS 
[001 1] A more complete appreciation of the invention and many of the attendant advantages 
thereof will be readily obtained as the same becomes better xmderstood by reference to the 
5 following detailed description when considered in connection with the accompanying 
drawings, wherein: 

[0012] Figure la is a block diagram according to a first embodiment of the present invention; 

[0013] Figure lb is a block diagram according to a modified form of the embodiment of 

Figure la for continuous measurement; 
10 [0014] Figure 2 is a block diagram employing a digital signal processor, according to a 
^% second embodiment of the present invention; 

[0015] Figure 3 is a flow chart for illustrating the operation of the apparatus according to the 
%g present invention; and 

=^ [0016] Figure 4 is a schematic illustration of a system employing a general -purpose computer, 

Jp which can be programmed according to the teachings of the present invention. 

rn 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0017] Referring now to the drawings, wherein like reference numerals designate identical or 
corresponding parts throughout the several views, and more particularly to Figures la-4 
20 thereof, there are shown various embodiments of the present invention, as will now be 
described. 

[0018] Figure la is a block diagram of a first preferred embodiment of the present invention. 
In Figure la, the system includes an external power source 98 (e.g., 480 V AC); a circuit 
breaker 100, a main contactor 102, a step contactor 1 12, step resistors 1 14, 116 and 118, a 
25 timing circuit 104, current sensors 103, peak detectors 106, sample and hold circuits 108, 



analog to digital convertors 110, a microprocessor 122, RAM (Random Access Memory) 120, 
ROM (Read Only Memory) 129, and a load comprising a High Voltage Power Supply 
(HVPS) 124 and a load device 126 supplied therefrom. The high voltage power supply 124 
may provide the beam power supply to a high power transmitting electron tube such as a 
klystrode (a hybrid klystron/beam tetrode), but the load device 126 may also be any other 
appropriate type of electrical device, such as, for example, a dynamoelectric motor or a lower 
power electron tube. The external AC power source 98 is shown as having three phases, but it 
should be appreciated by those skilled in the art that the invention may be practiced with 
single phase AC power, or with polyphase AC power having a number of phases other than 
three. Similarly, although separate peak detectors 106, sample and hold circuits 108 and 
analog to digital convertors 1 10 are illustrated for each phase it will be appreciated by those 
skilled in the art that the invention may be practiced with a single peak detector 106, a single 
sample and hold circuit 108 and a single analog to digital convertor 110. Also, although the 
sample and hold circuits 108 and the analog to digital convertors 1 10 are shown here as 
separate from each other, it will be appreciated by those skilled in the art that the sample and 
hold function may be a built-in feature of an analog to digital convertor integrated circuit 
chip. The microprocessor 122 may also incorporate the analog to digital convertors 110, the 
RAM 120 and/or the ROM 129 as built-in features, as will be appreciated by those skilled in 
the art. The invention may also be practiced by employing a digital signal processor 200, to 
be described with respect to Figure 2, or by employing a computer system 402 to be described 
with respect to Figure 4. It will also be appreciated by those skilled in the art that the step start 
resistors 1 14, 1 16 and 1 18 may, where appropriate, be replaced with other current limiting 
devices, such as inductors or semiconductor devices, without departing from the scope of the 
invention. 

[0019] A first embodiment of the present invention will now be described with reference to 



Figure la. In normal operation, AC power is supplied from the external power source 98 via 
the circuit breaker 100, the main contactor 102 and the step contactor 1 12 to the high voltage 
power supply 124. The high voltage power supply 124 provides at least one operating supply 
voltage to the load device 126, e.g. the high voltage power supply 124 may provide the beam 
5 voltage to a high power klystrode tube as discussed above. The circuit breaker 100 is arranged 
to be tripped by fault conditions, as will be appreciated by those skilled in the art. Initially, 
power from the external power source 98 is applied to the high voltage power supply 124 by 
closing the main contactor 102. The step contactor 112 remains open during a step start 
interval, after the main contactor 102 is closed, so that power is routed from the external 
m power source 98 to the high voltage power supply 124 via the step start resistors 1 14, 1 16 and 
; J 118. The duration of the step start interval may be determined by the microprocessor 1 22 or 
]£ by any conventional timmg means known in the art. After the step start interval, the step 
ily contactor 1 12 is closed, so that power is routed fi-om the external power source 98 to the high 
P voltage power supply 124 without passing through the step start resistors 1 14, 1 16 and 1 1 8. 
[0020] Diuing the step start interval, vohage samples 101 from each phase of the extemal AC 
power source 98 are provided to the timing circuit 104, which comprises one or more zero 
voltage crossing detectors, and which outputs a first timing signal 109, a second timing signal 
1 1 1 and a third timing signal 113. Zero voltage crossing detectors are well known in the art, 
and any conventional circuit may be employed in this invention to detect zero voltage 
20 crossing. 

[0021] The timing signal 109 from the timing circuit 104 is used to enable the peak detector 
106 for an enable period of about 5 milliseconds (e.g., to capture the current waveform rise 
and peak). At the end of this enable period, the sample and hold circuit 108 is triggered by 
the second timing signal 111, and analog current sample values 117 captured by the sample 
25 and hold circuit 108 are applied to the analog-to-digital convenor 110, which is triggered by 



the third timing signal 113. After capturing current samples with the sample and hold circuit 
108, the peak detector 106 is discharged. These steps are repeated for each half cycle of 
current for each phase. 

[0022] The current sensors 103 are employed to monitor the current flowing through the step 
5 start resistors 114, 1 16 and 118 during the step start interval, and thereby provide current 
signals 105 for each phase to the peak detector 106. The current sensors 103 may be current 
transformers. Hall effect sensors, meter shunts, isolation amplifiers, or any other suitable 
current sensors known in the art. The peak detector 106 provides peak current signals 1 15 to 
the sample and hold circuit 108, which in turn provides analog current sample values 1 17 to 

10 the analog-to-digital converter 110, which provides digital current sample values 121 to the 

C3 

't! microprocessor 122. The captured peak current sample values 121 are saved in the RAM 120 
f y and compared to a known acceptable pattern by the microprocessor 1 22 by means of a 
suitable program stored in the ROM 129, to determine excessive deviation. A known 
" acceptable pattern, might, for example, be a continuous reduction of the current from, say 400 
,B Amperes to 40 Amperes over a one second step start interval, but actual values will vary for 
'f^ each case in which the invention is applied. For a step start interval of Ya second, about 100 
samples will accumulate. If excessive deviation from the known acceptable pattern occurs, 
thereby identifying abnormal characteristics in the current waveform feeding the high voltage 
power supply 124, the start process is caused to be halted by the microprocessor 122 acting 
20 upon a switching device, e.g. by opening the main contactor 102 or by forcing tripping of the 
circuit breaker 100. 

[0023] hi the above embodiment, samples are only taken during the step start interval. After 
the step start interval is complete, the data saved in the RAM 120 is sent by the 
microprocessor 122 to a MMI (Man Machine hiterface, not shown) via a serial 
25 commxmication interface 130, as a block for display and storage. The sampling occurs 



rapidly (e.g., in the above sampling scheme with three-phase power there would be 360 
samples per second for 60 Hz power, or 300 samples per second for 50 Hz power), and saving 
the data for later transfer removes the need for real-time transfer. 
[0024] The total heat energy produced during each step start interval can be calculated by 
5 integrating the peak current sample values 121 over time, since it is known when each sample 
was taken and the resistance of the step start resistors is also known or can easily be measured 
by any method known in the art. The power dissipated as heat by each step start resistor is 
equal to PR, where I represents the current flowing through the step start resistor, and R 
represents the resistance of the step start resistor. Since the current samples are taken at 
IP essentially fixed sampling time intervals determined by the power waveform, the heat 
"n dissipated is proportional to the sum of the squares of the peak current sample values. A rate 
f y at which cooling takes place for a given case may be determined empirically. A minimum 
%D cooling down time for the step start resistors (for which only an approximate value is 
^ required) can be estimated by the microprocessor 1 22 fi-om the peak current sample values 
=^|5 121 by means of a suitable program stored in the ROM 129. In normal operation, whenever 
£3 power is disconnected either by opening the main contactor 1 02 or by tripping the circuit 
breaker 100, the microprocessor 122, or another timing device employed for this purpose, 
opens the main contactor 102 if not already open, and maintains the main contactor 102 in the 
open position until the minimum cooling down time has elapsed. This prevents excessive 
20 heating of the step start resistors 

[0025] The microprocessor 122 may also be programmed to detect short circuits and/or an 
open phase condition in the high voltage power supply 124 and to generate a fault signal at a 
fault status output 128. A display device (e.g., display 414 of Figure 4) may also be provided 
to visually check the step start current, which can help an operator to diagnose unusual 
25 problems. 
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[0026] With additional software and RAM the above circuit can be used to monitor the AC 
current to the high voltage power supply 124 on a continuous basis. The dynamic range of 
current changes from about 20:1 during step start to about 100:1 after step start. For 
continuous monitoring, a memory size should be selected to capture all the data samples of a 
5 likely to occur, overload event. This will probably be one to two seconds long (e.g., up to 
about 720 samples.) In a preferred embodiment of this modified form of the invention, the 
samples are fed into a memory (e.g., the RAM 120) at one end and discarded at the other end. 
When an overload triggers the memory control, a fixed number of additional samples are 
accepted, then the memory is locked and transferred into a long term memory for later 
IS evaluation. Continuous monitoring then resumes. This process is the similar to that used in a 
M Digital Storage Oscilloscope, such as manufactured by Tektronix or Hewlett-Packard. 

[0027] For continuous monitoring of AC line current to the HVPS 124, the current sensors 
103 need to be located either after or before the connections to the step start resistors 114, 116 
% and 118. The latter arrangement is illustrated in Figure lb, which shows the current sensors 
M located before the connections to the step resistors 114, 116 and 118, but this circuit is 
□ otherwise identical with the circuit of Figure la. The arrangement of Figure lb allows 

monitoring of all the current to the HVPS 124. The current sensors 103 as located in Figiu-e 
lb need to be able to withstand a much higher fault current than when located in the start step 
resistor branch of the circuit as in Figure la. It will be appreciated by those skilled in the art 
20 that similar modifications may be made to the embodiment to be described with reference to 
Figure 2, in which the digital signal processor 200 is employed, and with reference to Figure 
4, in which the computer system 402 is employed. 

[0028] Figure 2 is a block diagram according to a second embodiment of the present 
invention. In this embodiment, the digital signal processor (DSP) integrated circuit 200 is 
25 used to replace all of the monitoring circuitry except the current sensors 103 and optionally 



also the RAM 120 and/or the ROM 129 (both shown in dashed lines in Figure 2). The DSP 
integrated circuit 200 implements the functions of the timing circuit 104, the peak detector 
106, the sample and hold circuit 108, the analog to digital converter 110 and the 
microprocessor 122 of the first embodiment. During the step start interval, the current signals 

5 105 from the current sensors 103 representing the current flowing through the step start 
resistors 1 14, 1 16 and 1 18, as well as the voltage signals 101 for each phase of the external 
AC power soiwce 98, are provided to the DSP 200. Data representing digital values of current 
samples obtained during the step start interval are saved in the DSP 200 or optionally in the 
separate RAM 120 and compared to a known acceptable pattern to determine excessive 

10 deviation. 

[0029] After the step start interval is complete, the data saved in the DSP 200 or optionally in 
fy the separate RAM 120 is sent by the DSP 200 to the MMI (Man Machine Interface, not 
v3 shown) via the serial communication interface 130, as a block for display and storage. 

[0030] The minimum cooling down time for the step start resistors 114, 116 and 118 can be 
I? determined by the DSP 200 by integrating current samples over time after each step start 
Q interval, or can be determined empirically. In normal operation, whenever power is 

disconnected either by opening the main contactor 102 or by tripping the circuit breaker 100, 
the DSP 200, or another timing device employed for this purpose, opens the main contactor 
102 if not already open, and maintains the main contactor 102 in the open position until the 
20 minunum cooling down time has elapsed. 

[0031] The DSP 200 may also detect short circuits and/or an open phase condition in the high 
voltage power supply 124 and generate a fault signal at the fault status output 128. A display 
device (e.g., display 414 of Figure 4) may also be provided to visually check the step start 
current. 



[0032] When using the DSP 200 as in Figure 2, the sampling rate can be much higher to 
allow direct mathematical computation of the true RMS (Root-Mean-Square) value of the 
current, and of the voltage as well. Preferably, the sampUng rate should be at least six times 
the frequency of the highest of the highest order significant harmonic present in the high 
voltage power supply 124. Direct computation of RMS currents by DSP 200 can eliminate 
the timing synchronization requirements of peak detectors 106, sample and hold circuits 108 
and analog-to-digital converters 1 10, so that voltage samples 101 may not be required. This 
data can then be used for other general metering purposes. The DSP 200 can also be used to 
determine phase rotation for protected motors. Because of the programmable nature of the 
DSP 200, it allows having measuring features that can be enabled based upon customer needs 
and upon which sensors have been connected. For example, the circuit according to Figure 2 
could be used only as a voltage monitor. 

[0033] Figure 3 is a flow-chart for illustrating operation of the present invention, hi Figure 3, 
at step 302, the 'step start interval' is initiated, in which power is delivered to the high voltage 
power supply 124 via step start resistors 114, 1 16 and 1 18. At step 304, timing signals are 
obtained from the voltage signals 101 representing the output voltages from the external 
power source 98. At step 306, the current signals 105 from the current sensors 103 are 
processed to obtain digital values 121 representing peak current samples. Steps 304 and 306 
maybe performed concurrently. At step 308, the digital values 121 obtained from step 306 
are compared with a known acceptable pattern. At step 310, the result of step 308 is evaluated 
to determine if abnormal characteristics are detected. If so, the step start process is aborted at 
step 312. If not, step 314 determines if the step start interval has finished. If so, step 316 
bypasses the step start resistorsl 14, 1 16 and 118, and the load device 126 begins normal (i.e. 
not 'step start') operation. If not, then steps 304 to 310 are repeated. 

[0034] The present invention maybe implemented by an appropriate network of conventional 
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component circuits. The invention may be conveniently implemented using conventional 
general-purpose computers, microprocessors, digital signal processors, etc., programmed 
according to the teachings of the present invention, as will be apparent to those skilled in the 
computer art. Appropriate software can be readily prepared by progranamers of ordinary skill 
5 based on the teachings of the present disclosure, as will be apparent to those skilled in the 
software art. 

[0035] The present invention stores information relating to various processes described 
herein. This information is stored in one or more memories such as a hard disk, optical disk, 
magneto-optical disk, and/or RAM, for example. One or more databases may store the 
10 information used to implement the present invention. The databases are organized using data 
'5 structures (e.g., records, tables, arrays, fields, graphs, trees, and/or lists) contained in one or 
fU more memories or any of the storage devices Usted in the discussion of Figure 4, for example. 
[0036] Figure 4 illustrates a computer system 402 upon which the present invention may be 
implemented. The computer system 402 may be any one of a personal computer system, a 
^ work station computer system, a lap top computer system, an embedded controller system, a 
p microprocessor-based system, a digital signal processor-based system, a hand held device 
system, a personal digital assistant (PDA) system, a wireless system, a wireless networking 
system, etc. The computer system 402 includes a bus 404 or other communication 
mechanism for communicating information and a processor 406 coupled with bus 404 for 
20 processing the information. The computer system 402 also includes a main memory 408, 
such as a random access memory (RAM) or other dynamic storage device (e.g., dynamic 
RAM (DRAM), static RAM (SRAM), synchronous DRAM (SDRAM), flash RAM), coupled 
to bus 404 for storing information and instructions to be executed by processor 406. In 
addition, main memory 408 may be used for storing temporary variables or other intermediate 
25 information during execution of instructions to be executed by processor 406. The computer 



system 402 further includes a read only memory (ROM) 410 or other static storage device 
(e.g., programmable ROM (PROM), erasable PROM (EPROM), and electrically erasable 
PROM (EEPROM)) coupled to bus 404 for storing static information and instructions for 
processor 406. A storage device 412, such as a magnetic disk or optical disk, is provided and 
5 coupled to bus 404 for storing information and instructions. 

[0037] The computer system 402 also includes input/output ports 430 to input signals 
representing the voltage signals 101 and the current signals 105 and to couple the computer 
system 402 to the main contactor 102, the step contactor 112 and optionally the circuit 
breaker 100, to effectuate automatic control thereof, as previously described with respect to 
10 Figure la. Such coupling may include direct electrical connections, wireless connections, 
;^ networked connections, etc., for implementing automatic control functions, remote control 
f lj functions, etc. Suitable interface cards may be installed to provide the necessary fimctions and 
ifl signal levels. 

[0038] The computer system 402 may also include special purpose logic devices (e.g., 
application specific integrated circuits (ASICs)) or configurable logic devices (e.g., generic 

p array of logic (GAL) or re-programmable field programmable gate arrays (FPGAs)), which 
may be employed to replace the functions of any part or all of the timing circuit 104, the peak 
detector 106, the sample and hold circuit 108 or the analog to digital convertor 1 10 as 
described in the first embodiment with reference to Figure la. Other removable media 

20 devices (e.g., a compact disc, a tape, and a removable magneto-optical media) or fixed, high- 
density media drives, may be added to the computer system 402 using an appropriate device 
bus (e.g., a small computer system interface (SCSI) bus, an enhanced integrated device 
electronics (IDE) bus, or an ultra-direct memory access (DMA) bus). The computer system 
402 may additionally include a compact disc reader, a compact disc reader-writer unit, or a 

25 compact disc jukebox, each of which may be connected to the same device bus or another 



device bus. 

[0039] The computer system 402 may be coupled via bus 404 to a display 414, such as a 
cathode ray tube (CRT), liquid crystal display (LCD), voice synthesis hardware and/or 
software, etc., for displaying and/or providing information to a computer user. The display 
5 414 may be controlled by a display or graphics card. The computer system includes input 
devices, such as a keyboard 416 and a cursor control 418, for communicating information and 
command selections to processor 406. Such command selections can be implemented via 
voice recognition hardware and/or software fimctioning as the input devices 416. The cursor 
control 418, for example, is a mouse, a trackball, cursor direction keys, touch screen display, 
10 optical character recognition hardware and/or software, etc., for communicating direction 
'^z[ information and command selections to processor 406 and for controlling cursor movement 
ipy on the display 414. hi addition, a printer (not shown) may provide printed listings of the data 
iO structures, information, etc., or any other data stored and/or generated by the computer system 

fi [0040] The computer system 402 performs a portion or all of the processing steps of the 
fj invention in response to processor 406 executing one or more sequences of one or more 

instructions contained in a memory, such as the main memory 408. Such instructions may be 
read into the main memory 408 from another computer readable medium, such as storage 
device 412. One or more processors in a multi-processing arrangement may also be 
20 employed to execute the sequences of instructions contained in main memory 408. In 

alternative embodiments, hard-wired circuitry maybe used in place of or in combination with 
software instructions. Thus, embodiments are not limited to any specific combination of 
hardware circuitry and software. 

[0041] As stated above, the system 402 includes at least one computer readable medium or 
25 memory programmed according to the teachings of the invention and for containing data 



structures, tables, records, or other data described herein. Examples of computer readable 
media are compact discs, hard disks, floppy disks, tape, magneto-optical disks, PROMs 
(EPROM, EEPROM, Flash EPROM), DRAM, SRAM, SDRAM, etc. Stored on any one or 
on a combination of computer readable media, the present invention includes software for 

5 controlling the computer system 402, for driving a device or devices for implementing the 
invention, and for enabling the computer system 402 to interact with a human user. Such 
software may include, but is not limited to, device drivers, operating systems, development 
tools, and appUcations software. Such computer readable media fiirther includes the 
computer program product of the present invention for performing all or a portion (if 

10 processing is distributed) of the processing performed in implementing the invention. 

■t' [0042] The computer code devices of the present invention may be any interpreted or 

executable code mechanism, including but not limited to scripts, interpreters, dynamic link 

; g libraries, Java classes, and complete executable programs. Moreover, parts of the processing 
of the present invention may be distributed for better performance, reliability, and/or cost. 

1^ [0043] The term "computer readable medium" as used herein refers to any medium that 

,S=J participates in providing instructions to processor 406 for execution. A computer readable 
medium may take many forms, including but not limited to, non- volatile media, volatile 
media, and transmission media. Non-volatile media includes, for example, optical, magnetic 
disks, and magneto-optical disks, such as storage device 412. Volatile media includes 

20 dynamic memory, such as main memory 408. Transmission media includes coaxial cables, 
copper wire and fiber optics, including the wires that comprise bus 404. Transmission media 
also may also take the form of acoustic or light waves, such as those generated during radio 
wave and infrared data commimications. 

[0044] Common forms of computer readable media include, for example, hard disks, floppy 
25 disks, tape, magneto-optical disks, PROMs (EPROM, EEPROM, Flash EPROM), DRAM, 
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SRAM, SDRAM, or any other magnetic medium, compact disks (e.g., CD-ROM), or any 
other optical medium, pimch cards, paper tape, or other physical medium with patterns of 
holes, a carrier wave (described below), or any other medium from which a computer can 
read. 

[0045] Various forms of computer readable media may be involved in carrying out one or 
more sequences of one or more instructions to processor 406 for execution. For example, the 
instructions may initially be carried on a magnetic disk of a remote computer. The remote 
computer can load the instructions for implementing all or a portion of the present invention 
remotely into a dynamic memory and send the instructions over a telephone line using a 
modem. A modem local to computer system 402 may receive the data on the telephone line 
and use an infrared fransmitter to convert the data to an infrared signal. An infrared detector 
coupled to bus 404 can receive the data carried in the infrared signal and place the data on bus 
404. The bus 404 carries the data to main memory 408, from which processor 406 retrieves 
and executes the instructions. The instructions received by main memory 408 may optionally 
be stored on storage device 412 either before or after execution by processor 406. 
[0046] The computer system 402 also includes a communication interface 420 coupled to bus 
404. The commimication interface 420 provides a two-way data communication coupling to 
a network link 422 that may be connected to, for example, a local network 424. For example, 
the communication interface 420 may be a network interface card to attach to any packet 
switched local area network (LAN). As another example, the communication interface 420 
may be an asymmetrical digital subscriber line (ADSL) card, an integrated services digital 
network (ISDN) card or a modem to provide a data commimication connection to a 
corresponding type of telephone line. Wireless links may also be implemented via the 
communication interface 420. Li any such implementation, the communication interface 420 
sends and receives electrical, electromagnetic or optical signals that carry digital data sfreams 
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representing various types of information. 

[0047] Network link 422 typically provides data communication through one or more 
networks to other data devices. For example, the network link 422 may provide a connection 
to a computer 426 through local network 424 (e.g., a LAN) or through equipment operated by 
5 a service provider, which provides communication services through a communications 
network 428. In preferred embodiments, the local network 424 and the communications 
network 428 preferably use electrical, electromagnetic, or optical signals that carry digital 
data streams. The signals through the various networks and the signals on the network link 
422 and through the communication interface 420, which carry the digital data to and from 
10 the computer system 402, are exemplary forms of carrier waves transporting the information. 

The computer system 402 can transmit notifications and receive data, including program 
f s = code, through the network(s), the network link 422 and the communication interface 420. 
vO [0048] Although the present invention is described in terms of a power supply for an electron 
" tube, the present invention is applicable to power supplies for other types of devices, as will 
4'$ be appreciated by those of ordinary skill in the relevant art(s). The apparatus, methods and 
f computer program products as described can also be used to monitor current feeding motors 
and other electrical equipment where it is desirable to monitor starting and fault currents. 
[0049] Nmnerous modifications and variations of the present invention are possible in light of 
the above teachings. It is therefore to be understood that within the scope of the appended 
20 claims, the invention may be practiced otherwise than as specifically described herein. 
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